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SUMMARY

This study examined the ability of observers to find and recognize small unbriefed tactical targets with a
narrow-angle forward-looking airborne sensor. A motion picture camera flown at 340 feet above the terrain
and depressed 7° downward from the horizontal collected black-and-white pictures with a 6° 4" high by 8° 21"
wide field of view. All targets were in the open in near noon sunlight. Projection rate simulated an aircraft
speed of 60 knots. Image scale varied from 171200 at the top to 1/470 at the bottom of the display. For high
contrast objects the total number of resolved picture elements on the display was approximately equal to that
on home TV sets, while displayed scene resolution was about 134 minutes of are. The moving scene was
searched individually by 14 university students for people, cars, trucks, and heavy construction equipment.

Average target avquisition slant range, percentage of targets detected, and response aceuracy all inereased with
increase in target size. At the extremes in size, heavy construction equipment and people, these measures
virlded. respectively, 3400 versus 2680 feot: 82 versus 46% recognized; and 84 versus 59% of responses were to
real targets, ‘The equation, Sumi%D) = A Log (X) +B, was found to relate cumulative percentage of targets

detected to distance down the display when detected, ive., to slant range.

Detection probability varied significantly with contrast only for trucks. Rapidity of detection was related to:
(1) aceuracy only for cars, (2} contrast only for trucks, 1t was not related to percentage of targets detected.
Average contrast of detected targets was, except for trucks, unrelated to: (a} %1, (b) aceuraey. (e) reaction
time and d) position on the display screen when detected, Targets detected, on the average, at larger distances
were also more likely to be detected.

Observers did not maintain their rankings on %1) from one type of target to another. For most types of targets,
acenracy on one type was of little or no value in predicting aceuracy with another type of target. There was
some consisteney in observers in reaction time with different types of targets, The problem of abserver selection
was disenssed. V
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INTRODUCTION

This study was initiated in response to requests from a number of U.S, Air Force organizations for data on
target acquisition ranges and detection probabilities from low-flying aircraft. ‘The types of targets of interest
were amall tactical targets of opportunity, including people and vehieles, 'The sensors of particular interest
were closed vireuit television and direct view night vision devices of the intensifier typo. The aircraft speed
simulated was 60 knots, which is in the speed range of helicopters and hovercraft,

A forward-looking motion picture camera was used to colleet imagery for the study. It was flown over varieus
areas of the southeastern United States, The equipment available to the experimenters for displaying the
-motion pictures on a television monitor was found to be inadequate i inage quality, particalarly in resolution
of small details in the pictures, Therefore, it was decided to use a standard motion picture film projector to
. optically project pictures onto a rear-projection sereen. Measurenents made on the display sereon with this

equipment showed that display resolution was approximately the sume as that provided by commervial
television stations to Americans’ howes,

Future research may indicate a requirement to modify the results of the present study because of the

characteristivs of other sensors. However, some of the results, such as the influence of target size and contrast
and findings relative to observer selections, may reguire little modification.




PROCEDURE

IMAGE COLLECTION

T'he motion pictures were taken between 1000 and 1400 hours from the nose of an RB-47 aircraft flying at an
altitude of approximately 340 feet above the terrain, The aircraft speed was about 240-200 knots. The imagery
was collected over various areas of the southeastern part of the United States, the majority of it over generally
wooded areas in northern Florida. ‘The picture collection flights took place in March of 1967, There were some
trees of types that have no leaves this time of year. However, a large portion of the trees were not of those types.
Pine trees were particularly common in the pictures, The ground was covered in most areas with grass, in some
places grass and weed growth was massive; dense vegetation was frequent. Examination of the pictures in the
Appendiy shows the heavy foliage in some areas. Most of the motion picture film was collected while following
vountry roads.

Filming was done with an Air Force A-10 camera®. Initial experiments with a d-inch focal length lens yielded
pictures with images of people that were toa poorly resolved. It was judged that the probability of detecting
people on the ground from film made with this lens would be unaceeptably low, Therefore, it was necessary to
substitute a b-inch focal-length lens for the d-inch lens even though this substitution resulied in a field of view
that was only 6° 3" high and 82 20" wide. Pictures were taken at % frames (pictures) per second since pilot tests
with slower frame rates resulted in projected pictures that, due to the high speed (240 knots) of the aireraft,
appeared jumpy or jerky when projected. Muotion over the terrain between pictures at slower frame rates than
96 per second simply did not allow enongh overlap of suceessive pictures to allow the motion on the displayed
pictures to give the llnsion to the viewer that motion over the terrain was smooth and continnous. The film
used to take the pictures, hodak Plus-N film, vielded black-and-white pictures without objectionable amounts
of photographie grain, as would have been the case with some of the faster tmore light sensitive) films often
used for taking motion pictures, Low graininess helped to maintain an itlusion of leoking at moving tecrain
rather than at a motion pictuce display .

The pictures were tahen through an optically flat photographic window located in the nose of the RB-47
aireraft. The camera was mounted so that, when the aireraft was flying at a 340 fonr shtitude at 230 knots, the
lens anis of the camera was ot 00 azimuth tstright forward ), hut was inclined downward by 72, Objects on aline
down the conter of the flight path thus came into view at the scene top while at a ground range of
approximately 4890 feet stant vange 490 foet), ad went ont at the seene bottom while at a grovnd range of
appronimately 1920 foet tslant range 1950 foetd, The seene geometey and the ground and slant vanges are
shown in figuee 1.

The forwaed looking camera’s declination, with consequent variation in stant range from the top to the bettom
of the secne, vielded an imugeed width of terrain that increased from the bottom to the top of the display. Thus,
thoayeh the display ed image was reetangular, the territory on display was somewhat wedged-shaped, as shown
in figure 2. This meant, abso, that the center of the dmplav was tot the center of the displayed tereain,

The variation in stant range as a function of distance down from the top of the display is shown in figure 3.
Note that the relationship is uot linear. Fignee 3 also shows the tine in seconds that the images of ubjwls have
been on the display for various soreen wmuumn and alant vanges.

“The A-10 ieu halfframe 33 tm wtion plettee vamera with w nonstandant picture fornmt of 10,1 mm bigh by 22.2 mn wide,
The hall-trame destemation applind 1o 35 wm aetion pictuee cuneras beanse they ke pictures that are oaly hatl the hedghu
taloag the film) of pletures tabhen with ordinary for *(ull Ceame™) 35 vin still camceas,
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The pilot of the aiveraft was instructed to fly at a constant barometrie altitude and attempted to do so, ‘The
steips or runs of film that were used in this study appeared to ropresent faivly level tereain, However, the
terrain was not always flat and lovel even though it appeared to be in the narvow field of view of the camera.
Gradual slope of the terrain wax not apparent, "The toerrain was not always at the smne altitude above sea levol,
The actual map location of the tereain on the runs that were used in testing was known only approximately.
The aiveraft altitude above the terrain was caleulated from the sive on the filim of the inages of automobiles,
Tns procedure yhiclded an average altitude of 340 feet. At times, the actual altitude could have vavied from
this value by as much as 20% or more, This would influence the size of the ground swath on display.
acquinition slant vange, ete., all of which wore caleulated with the average value of 340 foet for aireraft altitude
above the tevrain,

THE MOTION PICTURES

The nature of the motion pictuee seenes that were used is best visualized and understood by examination of
enlargements made from single frames tor pictares) of the motion pictuee il Figures 4 though 10 were
selectend o illustrate botiy easy and diffienlt taegets, The tavgets ave civeled in the pictures, Reep in mind that
the printed pictures will have some loss in vesotution of fine details and a considerable loss in dynamie range as
compared to the projected transparent filim viewed on the display sereen by the obsorvers, Also, due to the 24
frames or pictures per second of the motion pictures, obwevers did not see the “geain™ that is apparent in a
statie enlargement of n single picture or frame, Loss of grain in projection makes the seene look move “natueal”
than single static pictures,

PROJECTION SYSTEM FOR IMAGE DISPLAY

Sinee a standund 35 mm projector was not available, the oviginal film was printed as o positive transpaveney at
o veduend seate an 1o mm Gilm, A Bell and Howell stop mation vactable spead motion pictie prajector and o
large seveen were used to enamine the Gila s find and identify all of the imaged egets, The same projector
was wsed ata frame vate of 24 pictures per secomd o present the motion pictures o the st subjects, Sinee the
promnd wene was oviginaly filmed at % frames seeond, but was played biaek o observers ot oniy 24
frames sevcond, the aiveeaft speed sindated in this study was 00 knots, Fhas, the study simulates motion
pictuves taken trom slow wovitg aiveraft sueh as helicopters o hovevevalt.

A sl vear projection Polasont® display seveen was used duving subjeet testing, 1is 133 mm height amd 180
oy wirlth, o abont 316 1T inches, i consistent with the siee of displays wsed in pival cockpits cockpit
divensions usnally preclude the use of lurge displays, The brightness of the seveen savied with the teveain and
with the ebjeets on the tevenin, 1 vanged Gone approvimately 3 to 20 foot-lamberes for vebitisely daek teveain
tareedy am v avnd other dense segetativn ), to abont 130 ta 1 foot-ambiertn e beight white sand coral vods,
The seveen was divided by horieontal asud vertival geid tines inteo o theee by theee matris o facilitate veeording
the observer vesponses, This can be seen by evamining the suljeet’s display seseen in figuee 1, 1 mened win
it theis geeied was nod nevessary i seoving sinee theve were ue malfunetivas in the data ssaving canera,
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IMAGE SCALE ON THE DISPLAY

" Image scale is defined as the ratio of the linear size of the images of objects on the displayed inage to the linear

size of the corresponding objects on the terrain. Figure | shows that the slant rante to objects at the top of the
field of view was 4903 feet, while at the bottom of the field it was only 1953 foet, Thus, it is clear that the image
seale on the film and on the display sereen increased from the top to the bottom of the seene. The displayed
image scale, as shown in figure 2, was 171200 at the top, 17680 at the display center (not the center of the
terrain on display b, and 17470 at the bottom of the display. Thus, the image of any object coming into view at
the top of the display inereased 2.5 times in linear size tmaximum dimension) and about 6.5 times in area by
the time that it reached the bottom of the display screen.

The effeet upon iimage size of variation in slant range is shown for objects from 6 feet tall to 15 feet tall in figure
12, Noute that a 6-foot-tall object is displayed at the top of the sereen as only 1.5 millimeters tall, The ability of
an obsorver to discern details depends, in pact, on how many minutes of visual angle are subiended at the
obseever's eye by the viewed image. Figure 13 shows, for a 20-inch viewing distance, the angular size
subtended at the eye of an observer by the displayed image on the sereen of objects that are 6, 10, and 15 feet
tall, respectively, Note that the curves are alimost straight lnes, and that the image of a o-footstall object seen
at the top of the display subtends about 10 minutes of are at an observor's vye.

DISPLAY AND TERRAIN RESOLUTION
To determitte the approzimate resolution of details tminimum separable resolution} of the display screen, the
RB-47 aireraft was flown over high-contrast three-bar resolution test patterns at Wright-Patterson Air Foree
Base. ‘The 35 mum film was printed at a reduced image siee on 10 millimeter film, with the same filns,
“development, printing, ete.. used on the terrain filme with which observers were tested, The 16 mm film was
projected onto the same small 133-hy- 180 millimeter sereen that was used in testing subjects, The images of the
resolution test patterns on the seveen were examined with a 10 power {1 ineh focal length) hand-held magnifior
to find the smallest vertical and horizontal 3-bar patterus that were vesolved, ‘The criterion of resolution was
the usual one in optical testing: A “resolved™ pattern is one in which the three bars can be seen as three, even
though not sharply defined. "This is & minimally-discernable eviterion, The separation in inchies between the
conters of all the test “bars™ in the areay of patterns on the ground was known, This, knowladge of which
patterns were Jist resnlved, Fas foeal length on the camera, display magnification, camera declination angle,
and aireraft altitude sfowed o varioty of types of resolution to be computed. These included vertical and
horizontal resolutions on the tereain and on the ground, and on the terrain for upright objects, The resolution
data are given in table 1, Sinee cameras resolve finer details with high contrast objeets than with low contrast
objects, the vesolution of grovind abjocts that were low in conteast would be leas than the values given in the
table,

The very uarrow field fo view (6° 3* high by 8° 20" wide) of the motion picture camera resulted in pictuces
whuse resolution in the image (not on the tervaind varied very little across the display, This was also tewe for
angular resolution. Image resolutivn on the filo in terms of which 3-bar test pattern on the teveain was resolved
wis vory close to that on the display. This was found by examining the filw on a tight table with a magaitier.
Atno part of the picture did projection cause more than & 10% toas in resolution, and in same paets of the seene
o loas was discernable.

Tnspection and study of the values in the resolution table veveal some intevesting fucts. Note that the average
angular vesolution is given as 175 minutes of ave, This value is for the angle subtended between the centers of
the resolution test pattern bars, Visusl rosolution s usually given in torms of the angle aubtended by one bae or
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NOTE: The cquation giving S for various values
of N, object height in feet, is:
= (,00285W + .257)N

$ = Height of the Image in Millimeters on the Display

T 2080 40 80 60 70 80 90 100 110 180 130
W = Distance of Tavget Image in Millimeters from Top of Display

Figure 12, Height of the image on the display for objects on the terrain of varivus heights plotted againat
distance down from the top of the display t the bottom of the abject.
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space, so that the display resolution of 1.75 minutes of arc becomes .88 minutes of arc when computed as it is
for the eve. The average unaided eye in bright sunlight and with a clear atmosphere {the conditions under
which the pictures of this study were collected} in a laboratory situation is nominally quoted as having a
resolution capability of about one minute of arc for Snellen letters. For a bar grid pattern, normal visual
resolution is slightly superior to one minute, In an aircraft the vibration plus optical imperfections would limit
visual acuity to not better than around two minutes of arc. Thus, test subjects could see the details of high
contrast objects in the displayed scene somewhat better than they could have had they been using unaided
vision from the aircraft itself.

An ubserver with average separable visual acuity (resolution) of 1 minute of arc per line can just resolve about 4

; high contrast optical line pairs per millimeter or about 2 lines at a two foot viewing distance under good

. viewing conditions, The resolution table shows that the average display resolution, in optical line pairs, was

only 1.6, Thus, there was an appreciable amount of ““empty " display magnification. It should be kept in mind,

then, that in the present study the observers were not examining displayed details that were too small to be
eusily discerned.

The 1.77 optical line pairs pee millimeter average vertical resolution shown in table 1. in conjunction with the
133 millimeter height of the display sereen yields 235 optical line pairs of vertical resolution. Similarly, the 1.39
line pair average horizontal resofution plus the 180 mm screen width yields 250 horizontal optical resolution
elements \line pairs), Doubling the optical line pair values to obtain television resolution elements U'T'V lines)
vields 470 vertical TV lines and 500 horizontal TV lines. This is about one-third better than the resolution
capability of a well-adjusted commercial television set receiving a good quality TV broadeast which yields
about 330 resolved vertival TV lines. Thus, it shonld be kept in mind that the present study used a display
whuse tatal amount of resolved picture details was only slightly better than that on a common household TV

sl

PHYSICAL MEASUREMENTS OF TARGET IMAGES
The following measurements were taken to examine the relationships between physicat characteristies and
varioits performanee weasures:

Target Nize: 'Vhe size of a target image is defined as the diameter of the smallest eircle that can be drawn
avound the image. 1t is the same as the maximum dimension of the target, For example, the maximum
dimension or size of a target inaged as a rectangle is the diagonal of the rectangle. It shoutd be kept in mind
that the size of objeets on the terrnin can be found by multiplying the maximum dimension of the displayed
image by the reciproval of the image seale at the sereen position where the image appears. Table 2 gives the
average size of the four types of targets and the average size of their images at the center of the display sereen, :
» ‘The former were determined from measurements of the latter, Note that the average truck, at 12,9 foet, was o
o shoeter than the average car at 15,1 feet, This happened becanse most of the tracks were pick-up trucks and o
delivery trueks which are quite short, ratier than the larger variotios usnally brought to mind by the term
“truck.” Sinve vohicles are often viewed from the front or back, rather than broadside, average sizes are
somewhat less than average lengths, Note that the average person’s “size’ was six feet. This included shoe
heels and hats, if worn. Since the filming was done along countey roads, people were standing up and, likely, .
frequently waore both shoes and hats or caps, Probably mwat of the people were males; not many fomales are -
et along conmtey romds, E

Target Image Contrast: The tnage contrast of coneern here is hrightaess conteast, which is one measure of
how the inuge of the et stands ont from its sueround (or backgroand) due to the brightness difference
between then, To avoid both negative vatues of contrast and very high numerical values, and to express values
in percentage form, the furninla used was C = 100xCFBI/T for target images brighter than their backgronnd
and G LO0REBST)/I when less bright, ‘Thin is a G = 100xMAN-MIN/MAN formutation. The brightness
of the target was averaged over the entive target. Background brightness was the average of the brightness of




RESOLUTION OF THE
SYSTEM MEASURED*

TABLE 1

SENSOR-DISPLAY
AT THE DISPLAY

Type of Resolutior Measured

Direction”
of Resoluti

Location on the Display

on Top

Center Bottom

Mean

Angular Ground Resolution:

resolved™ ™ bars in the

the terrain,

Angle subtended at the alr-
craft by the centers of just-

resolution test patterns* on

Minutes of Arc

Forward 1,67 1.44 1.53 1.56
Sideways 1.86 2.05 1,98 1,96

Mean

Linear Vertical Objoet**

Ground Resolution: Vertical
distance on the terrain between
the centers of just-rosolved
vertical** bars in the resotution
test patterns on the terrain,

Forward
Sidoways

Inches

28,7 14,2 10.6
31.9 20,0 13.5 21,

17.8

8

Mean

30.3 17.1 12.1

19.8

Stormin,

cre w—

Display Space Resolution:
Spueing on the display between
the centers of just-rosolved
bars in the image of the reso-
lution test patterns on the :

-

Fresc o o ga g

wvmln.

Display Line Pair Rosolution:
Numbor of opiieal Tine palrs/
millimeter in jJust-wesolved
vass {n the image of the reso-
lution test patterns on the -

.

Millimcoters
Forward 61 56 3 Y
Sldeways .8 o 15 LT3 T2
B
Moean , B4 .66 03 N
Line Pairs/Millimoter

Forward 1.6} 1,49 1,78 1.7
Stdeways - 1,46 - | PRK] 1, 38 1.39
Mean .64 L6168 | 188

wcand

sy A0t o o

e w3y e e

+ Al viiasen are for a ine dowan the Nnm ul the tl\apim and flight path,

- Direvtion of Reselugion: “Forward™ i in the divection of flight, whivh s thwe up-down display dineasion,

while “siltewaya’ in neross the Sight pathior cllnpluy. .
+ + +Just-Resolped: A pattern of theee baes way j\m-u‘mlml if thwt punmmuullw wnaltost on for whivh

the three hars contd be connted on the display using a 10:X magaifier,
*The test patterns were on the sawland Air Foree 3-bar ﬂmhanruum. and were painted o the runway at

Weight Fiold, Ohiu,
sedorvival Object: ‘Pl resolution st Nuvmn i st up vertivally fnatead of lying hovizontully, Resolution
© wia calendated frm vatues abtatacd wvith the patterns patnted on the flat runway,

NOTE: In comparing systent angudar eesotntion with ihay of the eye it must be kept in neind that hwimn
angginday vinal eesndution (minimum separablel, us usually stuted, s the separativn or spave

botweent the G, not the distance betwovn bar contoes tabiled abuve.
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TABLE 2

THE S1ZES+ OF TARGETS AND TARGET IMAGES

Average Size of Target

Type of At Display Center, On the Terrain,
Target in Millimeters in Feet

Peuple
Trucks
Cars

HOK

b-Sizes ave divmeters of smallest eivele that can enclose the target image on the display,
“Actal™ weget sizes are calealated by dividing the size at the display center by 3048 10

comvert to feet and then multiptying by 680, the image seale fuetor at the center of the display,
There is no correction for perspective, head on view of cars, ote, People are ontdoors and are
standing, and their size includes hats, i woen, Sizes are averages of 1argets available, not
average size of detected targets,




four circular areas three millimeters in diameter immediately adjacent to, but not including, the target. Due o
the small sizes of some of the target images, brightness measeres for caleulating target contrast were abtained
by projecting pictures at high magnification by increasing the projection distance. This was done with the
motion picture projector wsed for tesiing subjects and with the sae type of screen material used in testing
subjects.  Contrast at the sereen as viewed by the observer was then caleulated from the measuremont data,

T'o obtain target contrasts, the brightness of arcas on the display screen were measured with a Spectra
Brightness Spot Meter, Model 1505 UB 172, with an 8/1-10 reducing lens, The sensitivity and narrow angle
of view of this photomultiplier equipment allowed precise brightness measures to be made on minute aveas.
However, the images of people were small and were not well-resolved, so that the veliability and accuracy of

contrast measures on the images of people were judged as not acceptable. Thus, contrast measurements were
made only on the three larger types of targets.

PICTURE PRESENTATION PROCEDURE

A small part of the total footage of film was selected as the most suitable and was spliced into four volls, with ao
area of terrain duplicated on diffevent rolls. Eaeh rolt of filkn contained 10 nautical miles of terrain and
vontained all four types of targets, but, for ease of scoving subjects and to sinplify the task for subjects, they
were told to search the display for only one type ol target on cach roll, In terms of targets of interest on each

voll, roll A contuined 28 cars: voll B, 15 truckss voll G, 19 pieces of heavy construction equipment; and volt 1,
21 people, Tor a total of 83 target objects,

The four films were projected sequentinlly, with the order of presentation randomized across subjects, Fach
subject saw all Tonr rolls, The motion picture projector frame vate of 24 picturves per second simulated a gronad
speed of approximately 60 knots at o 340-foor aiceraft altitude. 'The vunning time for each of the four
[o-nautical-mile film steips was 10 minutes, so that the total viewing time per test subject was 40 minutes,

At the simudated giveraft speed of 00 knaots, an objeet appeacing at the wop of the display took 21 secands o
move down to the center of the display tsee figure 20 and in 8,4 more seconds the objeet moved dowa (o the
bottom of the display. Thas, the total time of 294 seconds to move from op (o bottom of the display meant

that images on the display moved at a leisarely pace. This poimt is impovtant i visualizing the subject’s
ulserving tash,

TEST SUBJECTS AND THEIR INSTRUCTIONS

Fourteen siversity of Dayton stodents sevved as subjeets. Fach beeane thovoughly familiae with the
equipnent that he had o use before he was tosted. Tmmediately before being tested, cach subjeet was given a
proactive trint with a short sweip of imagery, ‘This was done so that he wonld know how to respond during the
Later test runs aind to et him hnow what to expect about the image chavacteristios of the tacgets. After this teial
run, each subjeet vead the test instraetions tAppendin 1) which ashed him o identify targets as quickhy as he
vorld, ‘They were told Iy the test administeator to spend most of the time seavching the apper part of the
display wheve targets nsnally first came it view soas to deteet targets ot longer distanees, They were also
cantioned to not respotud to nontarget ohjects, They were also given an insteaetion sheet,

DATA RECORDING

W hen a subjeet wished o imdicate that an obieet was a target, he placed the ipoof the sty lus upon it with his left i
hand and verbally desevibed it 1o the test administeator sitting behind him, With his vight hand the subject

depressad the approprinte switeh in a3 N S areay of swisehes to indivate the seetion of the seveen containing the
target, Fhis switel caesed a data camera to ke a pictee of a data panel containing digital indicators for the o
switicheimbicated serven position and a counter giving the feame meaber of the pictre on e sevees when the . 3
data camera was activated, v apoing of interest, a sprochet wheel with a miveoswited pulsed the rounter onee
for vy picture ou the wll of fitm o indicate which picture was on the display sereen when the subjeat
dopressod thae swvited, A a back-up in case of catnera malfunction, the st administrator did part of the seoving

T



duzing test runs, Since the data camera did not malfunction during tests, the target location in the 3 X 3 screen
matrix was not wied for measuring screen position, hence recognition slant range, data. For false positives the
experimenter estimated the screen position at the time the response was made, recording a false positive as
being in the top, middle or bottom third of the display screen.

PERFORMANCE MEASURES

Number and Correctness of Responses: Each time that a subject placed the point of his stylus upon one of the
83 targets and depressed one of the nine screen position-indicating switches, he was credited with detecting a
target, i.e.. with making a correct response. A false positive or false positive response was a response in which
the object designated by the subject was not one of the 83 targets. A false positive is thus a nontarget object that
is mistaken for a target. ’ '

Reaction Time: The time that a target image was visible in a detectable form on the display prior to being
designated by the observer's depressing the data camera recard switch, Note that it is not the interval between
the appearance of the image at the top of the display (often it is never there) and its designation by the observer
with his stylus. The reaction time or response time was obtained by using the picture of the digital counter
recorded by the data camera. This counter started at zero for each film run, so that the picture showed the
experimenters the exact picture {or “frame”) being projected when the data camera activation switch was
depressed, At a later time, in the laboratory, this picture was located on the film, and the counter set on zero. A
prajector that could run backward, either rapidly, slowly, or a frame at a time, played the film backwards until
a frame was found where the target was not detectable. ‘The number of prior-to-detection frames plus the 24
frames/second rate of the projector when used with the observers, permitted calculation of the reaction time.
Reaction time was not measured for nontargets mistaken for targets,

Sercen Position: ‘The distance down the display sereen of the target when a response (switch depression) was
made to it. Sereen position and reaction time ave not always direetly convertible, one to the other, when using
mution pictures taken in flight, This is partly due to variations in pitch and yaw of the aireraft, ‘Thus, a bend in
the flight path causes the images on the film to move sideways while a downward dip influences vertical image
mation. Some targets appeared first at the edge and partway down the display, instead of at the top, and a few
target images, for short peviods of time, stood still on the display or even moved upward on it when the nose of
the aireraft dipped. Also, the images of moving vehicles on roads intersecting with the flight path moved down
the display sereen at an angle to the vertical. It must also be kept in mind that there was extensive vegetation in
the form of trees and brush, "This cansed “masking™ or covering up of targets, especially when roads turned,
even slightly, Terrain masking and vegetation masking were especially severe for heavy construetion
equipment, beeause it was off the roads, frequently in low areas or water. Many of the roads are raised above
the surrounding tervain so that ohjects beside the roads may be up to several feet below the road. Targets of all
types were frequently well dowa the display before being revealed by unmasking due to aireraft motion, From
Appendis Vit may be noted that only 41 of the 83 targets were available on every vertical tenth of the display.
sevenn were available on 9 of the tenths, ete. From this diseussion, it is clear that recognition slant ranges and
sereet position are not highly correlated and may differ by a factor of up to two or more for some targets,

RESULTS

Appeddin 11 Jists the image chavacteristies and gives the observer performance data for each of the 83
individual targets, ‘The image characteristies and performance data of this table are summarized by target
type in Appendis HL Individual target data permit some interesting comparisons between  types,
characteristivs, and performance measures. This will be done later on in this report in connection with analyses
done on the perfermance data of individual obsorvers,




PERCENTAGE OF TARGETS DETECTED AND DETECTICON PROBABILITY
The percentage of targets detected by each observer for each of the four types of target is derived from the
_ uumbers detected given in table 3. The percentage detected is simply 100 times the number detected divided by

the number available. This ratio, without the factor of 100 to convert to a percentage, is an estimate of

detection probability using the relative frequency definition of probability.

The percentages detected given in table 4 for the four types of targets is plotted in figure 14 against the average
size of available target as given in Appendix [11. Note that the detection probabilities range from a low of .40 :
{or the smallest type of target, people, to u high of .82 for the largest type, heavy construction equipment. In S
more easily remembered terms, detection probability varied from slightly less than 172 to slightly over 4/5ths
in going from the smallest to the largest type of target object. As a point of interest, the two most conspicuous
people targets were each detected by 93% of the observers, while one person target was not detected by any of "

the 14 obsevvers,

As noted earlier, the camera lens and film were selected by theoretical calcuiations followed by
image-collection trial flights to make sure that an appreciable fraction of the targets of every one of the four
types of targets would be found and recognized., The data show that this goal was attained.

With the test conditions used in the present study, the average human target was alimost as likely to be missed
as to be detected, However, it must be kept in mind that most people were either on or adjacent to roads, and

were frequently in elose proximity to vehicles or equipment. Also, their civilian clothing was not the drab

low-visibility attive of soldiers, 1t is not unlikely that very low contrast objects would, especially in rapid -
. search, be less detectable than the target objects used in the present study. Similarly, military vehivles have ;
3 ‘ * coloration not favorable for detection and are often in fields o on tree lined folinge-overhung poor quality ’
! roads. In a military field situation both peaple and vehicles would probably be less detectable than they were in

L
= the present study.

ACCURACY

The acenravy seore for an individual observer is the pereentage of his responses that ave corvect, Operationally,
it is 100 times the number of targets thus he designates as targets, divided by the total number of objects that he
designates as tavgets, Avenraey seoves for the 14 individual observers ave given in table 5, 'The means and
standard deviations of the aceuracy seores for the four types of targets are plotied against tavget siae in figure

ta,

The figure shows that the average abserver was the least aecurate for people (58,640 and was the most
accurate (B4 1900 for heavy constrnetion egquipment (HCEL Thus, with the conditions of the present study,
abeait 3 out of every 3 ohjects that observers eatled people were people, and about 6 out of every 7 objects that

were designated ax HOE seally were HOE, Obsorver aceuraey for trucks and ears were botween these S i
extremes, o line with what was hypothesized abont deteetion probability in a military situation, it is likely that R
Cthe attive and tocations of people and the color and loeations of vebicles in military rather than vivilian R

SRR

nitnations will resulbt in lower observer aceuraey, given similar conditions of image colleetion and display, than _
: p

was the case in the present stusdy,

1 the graph of aceuraey versus tget size in figuee 15 is examived again, @t is apparent tha theve is an inevease
i aceuvaey from peaple to heavy construction equipment, the mean for each taeget type being at o higher poin
on the graph than the next smaller target type. Now, it is clear that aveeage shape, conteast, loeation in the IR
seene vontest, and other factors than average size differ for the four types of targets, Hence, one must be A '
cantions abont atteibuting the abtained inerease in average acenraey o the increaned average size of targets in .

a entegory or type, Alsa, it should be remembered that, with only four paies of seaves, o statistival test is quite L

insonnitive to vather laege amouwnts of genuine relutionship betwoen the vaviables,
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TABLE 4

PERCENTAGE OF TARGETS DETECTED

Observer

Percent of Targets Detected = (No. Detected/No.

Available)x100

People

Trucks

cars

HCE

Sum

Mean

Mean/

+
Target

42,86
57.14
47.62
33.33
33.33
47.62
57.14

38.10

57. 14

33.33
00,07
33,33
47.62

(07.02

53.33
60.00
33.33
33,33
53.33
60,00
60,07
33.33
53,133
53.33
46,67
46,67
33.33

60,00

46.43
60.71
67.86
75.00
53.57
75.00
92,86
60.71
75.00
60.71
75.00
07,86
57.14

75.00

89.47
94.74
84,21
-84.21
63.16
78.95
89,47
84,21
89.47
B4, 21
94.74
52,03
73,068

89.47

232.09
272.59
233.0:
225.87
203.39
261.57
300,14
216,35

274,94

283,08
200, 49
.77

RYSIN L

38.02
68,15
58.26
50,47
50, 8%
05,39
70,54
S4.00
b8, 74
By IV
70,7
ML 12
R

vl.0

56.03
67.47

60. 24

50. 60
6b. 26

78,31

09, 88
H7.83
PRI
51, 81
S22

08,07

Sum

Mo

Mad{an

S.l‘.

642,85
45,92
47.062%

10,83

686,65
49.05
53,314

11,58

D42, 85

067.35

67, 86

11,79

1152.02
82,33
84,21

4,00

V424,97

ALY
232,50

L.n

8hu, 2o
ot o
H8. 14

8. 1l

Jo8, 07
6.0
59, b

»oy
80 &4
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Figure 14 Percentage of targets of each of the four types detected by the average observer plotted against
target size, The corresponding average probability of detection is also shown for cach typo. Target
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TABLE 5

RESPONSE ACCURACY" AS A PERCENTAGE

Accuracy+ = (No. of Targets Found/No. of
Objects Called Targets) X 100

Mean/ -
Observer Trucks Cars HCE Sum Target

47.06 56.52 | 89 243, 76 | 61.04
56.25 70.83 | 81.82 ~ . 68. 29
45.45 - 86.36 | - 64. . . 60.24

.00 75.00 . 302. . 69.01
61.54 | 75.00 . . : 67.74
81.82 77.78 : 2. : 79.71
62.50 81.25 | 89 . . 76.47

83.33 .27 Vi . o 70.77
61.54 100,00 . 361. . 92.06
83. 50.00 1 71,21 176,19 207.. 4, ¢ 66,67
51, 25,92 56, 76 .43 185,96 | 46, 47,62
70, 100,00 95,00 .00 | 365.00 . 91.49
50. 50,00 100,00 82, 35 282,35 70. 71.43
83.33 75.00 91.30 89,47 339,10 84, 86, 36

Sum 819,82 900.41 1120.34 | 1177.15 4018,10 [1004,51 [1008,.90
Moan** 58,56 64,32 80,02 84.11 287.01 71,75 72.06
Median 53,85 61,564 77.52 86,84 285, 80 71.45 69,89
S, D. 17.46 21,39 13.70 13.96 49, 97 12.49 12,38

+ Accuracy is the same as the percentage of all objects called targets by the observer
that are targets: A = 100 X (number of targets detected)/(numbor of targets detected
+ number of nontargets called targets) .
Mean = Sum/4
Mean = Sum/14
Mean/Target = 100 X (sum of detoctions for all types of targets)/(sum of detections
for all types of targets + sum of false positives of all types). This is not a mean of
the means for different types of targets.
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SCREEN POSITION AND SLANT RANGE WHEN DETECTED

As explained previously, most targets enter the display at the top of the screen and move down it. Hence,
distance down the screen, expressed as a percentage of the total height of the display, is a meaningful way of
designating screen position at the time that an object is designated as a target by the observer. The average
value of this posm(m at the time of detection is given in Appendix I1 for each of the 83 targets and means for
target types are given in Appendix I11.

The average positions for individual observers for the 4 classes of target objects are of more interest. These
_values are given in table 6 and are plotted against the mean size of target for each target class in figure 16. The
values are 54.7% for people, 54.7% for trucks, 44.3% for cars, and 27,5% for heavy construction equipment.
Note that people, cars, and trucks were, on the average, detected about halfway down the display. However,
the comparatively very large heavy construction equipment (average size at the display center of 43 mm) was

detected, on the average, when it was only about one-fourth of the way down the display.

"able 7 lists for individual observers, and for classes or types of target, the mean position on the display of false
positives when designated as targets, The mean values, by target type, are 55.3% for people, 67.7% for trucks,
33.8% for cars, and 50.5% for heavy construction equipment. Thus, the average false positive person target or
heavy construction target was responded to at about the center of the display, the average false positive (F.P.)
truck at two-thirds of the way down the screen, while the average F.P. car was responded to when it was only
one-third of the way down. Comparing genuine and false positive targets, it may be noted that the real targets
were, on the average, detected at about the same position as the F.P. targets for people, detected later for
trucks and HCE and, responded to more quickly in the case of cars,

The screen position when detected is, fr. w an applications point of view, of less interest than the slant range
when detected, sometimes called acquisition slant range or detection slant range. The mean acquisition slant
ranges, calculated from the mean screcu positions when detected, are plotted against the mean size of available
targets in figure 17. The mean acquisition slant ranges, in feet, for the targets are: people, 2,680: trucks,
2,600; cars, 2,630; and heavy construction equipment, 3,400, Note that images of people, although only half of
the size (maximum dimension) of truck images, were detected at essentially the same distance. Cars, only
slightly larger than the teucks in the present study, were detected at about 10% (270 feet) greater slant ranges.
Particularly interesting is the fact that heavy construction equipment was detected, on the average, at only 1.3
times greater slant ranges than trucks. This is of interest because, on the average, heavy construction
equipment is about 6.3 times as large in maximum diriension as trucks so that their image avea is about 40
times as large. Even keeping in mind that the images of the two target categories differ in several ways, it is
clear that target acquisition range increases at a mueh slower vate than does target size.

DISTRIBUTION ON THE DISPLAY WHEN DETECTED

In the preceding section means for individual observers and for types of targets were examined. A more
thorough examination of position down the display at detection reguires an investigation of the distribution
down the display of detected targets, This is done by pooling the detections of all observers for each of the four
types of targets and cumulating ladding) the percentages in successive stops, each step being 5% of the
distance down from the top to the bottom of the display. The data are given in table 8 and are plotted in figure
18. Naote that in the first or top third of the display, the increase in percentage of targets detected is
approximately linear with sereen position. For people and teucks it is approximately tinear all the way down
the display, but for cars and heavy construction equipment the rate of increase after the top third of the sereen
decreases, Fall off is greatest for heavy construction equipment. Note the eloseness of the eurves for people and
trucks and the large separation of the car and HCE distributions from each other and from the curves for
trucks and people.

The shapes of the eurves of cumulative percentage of targets detected permit speculation about the adequaey of
the vertical fiold of view, Some types of target may be being acquired at an appreciable rate at the bottom of
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Heavy Construction Equipment
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AVERAGE TARGET IMAGE SIZE IN MILLIMETERS AT THE CENTER OF THE DISPLAY SCREEN

Figure 10 Average Distance down the display when detected of the four types of targets plotted againat the

average size of the target intage when at the center of the display. Size is defined us uw dinmter of
the seaallest cirele llwt can enclose the wgea image.
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TABLE 7

AVERAGE POSITION* OF FALSE POSITIVES ON THE DISPLAY SCREEN WHEN DETECTED

DISTANCE DOWN DISPLAY SCREEN
WHEN DETECTED AS A PERCENTAGE OF SCREEN HEIGHT

H
FP means
mean

53,50
43.65
62,00
44,00
48,35
31,14
51,65
62,16
56,60
63.75

+!
HCE mean of means
mean N mean n

Trucks
mean| n

People
mean| n

Cars
mean

JOBSERVER

42.7
54,1
63,2
47.6
85.5
28.0
39.0
69.8
NONE
66,5 5
65,2 16
28,0 S 1
76.4

72,0
64,1

P
o

43.4
17.0
61.0

66,5
33.5
57.3
50.0
33.5
NONE
4. 50,0
3. 3 61,0
NONE
63,2
17 46,1
17,0 NONE
NONFE 3 61,0

56,15 |30
42,18 26
62,00 133
44,50
47.25 }20
42,67 |14
51.38 {20
€4.30 |19
56,60 5
61,35 |24
44,88 44,00
22,50 4 25,25
69,07 118 72,00
2 83.0 : 2 17,0 2 33, 51,38 9 53.67
Sum 719.0 812.9 406, 2 55 716,2 711,52
n 13 12 12 11 14 14

observer

[S1 I~ T > B2 BN B G2

4
NONE
36.8 5
23.2

e S0 BT o e = 3 B O e S o

mean
S. D,

8.2
7

67.74
12.13

RRI
15,24

§90.61
12,00

50.82
12.80

r. P, Sum
|n Sum
F. P, moan

6126
108
56,72

4807
K
62,43

2429
73
33.27

2600
52
50,00

15, 962
310
51,49

*The position of individual false positives was known only to the neavest third of the sereen
height, i,e., it was known in which third they occurred. Values wore taken .xs ﬂm Qentu of
the thind, namely, 17, 50, or 83% of the distance down the display sereen, :
+This is the average of the means for the types of targots = sum of m&ma/N
observer mean for false positives,

++This is the sum of the distances down the display at detection of all false positives divided
by the mumber of false positives. It lb a lalsc positwo mean for a type of false positive
rather th.m an obwrw.r mean,

“ttisan.
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Equivalent Height in Feet of Objects on the Terrain
06110 20 30 40 50 60 70 80 90 100

N 3

Y L4 A M \J
e o o mm e, e -

Top of me—SEeie on the Display

v v

Heavy Construction Equipment
Seconds from Top of the Display

Bottom _of the Scene on the Display —u_

Mean +1 Standard Deviation
For Real Targets

- Mean for False Positives

10 15 20 25 30 85 40
Maximum Dimension in Millimeters of Images
of Available Targets at the Display Centor

Average Slant Ranges When Recognized for Targets and for False Positives. The
horizontal dimension of the graph, object size, applies only to the real targets. The slant
ranges are calculated from the average distances down the display scroen when images
were designated as targets. The standard deviations are not symmetrical about the means,

- one stardard devintion above the mean in screen position corresponding to more slant

range than one standard deviation below the mean. Seconda from tho top of the display are
uot reaction tmes, Average reaction times are considerably less than seconds from the top.
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TARGET ACQUISITION RANGE IN HUNDREDS OF FEET
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Note: Since all data are pooled for targets, the
percentages are not quite the same as the
data averaged across observers.

"40 G50 60 70 80 90 100
Percoentago of the Total Distance Down the Display

109 x (rumber of detected when a given display position is reached) /(total number available during the aimulated mission)

Figure 18 Variation in percentage of targets detected with display screen position and slant range. The curves
are computed for all detections of all observers combined before percentages are taken. They are
not the means of percentages for individual observers hence the numbers at the 100% distance do
not guite agree with the mean screen distance fur individual observers,
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the display just before they pass out of the field of view. If this is true, then a field of view that extended
downward further would very likely lead to the detection of more targets. Keep in mind that at the bottom of
the field of view the target images on the display are of maximum size and that, here, resolution of details is
also maximum. In earlier discussion, it was noted that the rate of detection of heavy construction equipment
“fell off”" or decrensed near the bottom of the display, i.e., at the top of the Sum (%D) Graph. For these large
objects, it would appear that increasing the vertical field of view would have little or no effect on target
detection. However, car, truck and people detections were not decreasing, making it highly likely that a field of
view extended downward further would merease target detections.

To look into this matter further, Sum (%1} was plotted against the logarithw of screen position. From the
curves so obtained in figure 19, it is apparent that all four distributions have two linear portions or branches.
Each linear portion may be deseribed by a mathematical equation of the form Sum (%) = A Log IX) + B,
where X is sereen position and A and B are constants. 'The constants are different for the two linear branches
and for different types of targets, The values of the constants are given in table 9, while table 10 gives obtained
Sum %o D) and Sum 1% D) caleulated from the formulas, Note the close agreement of obtained and calculated
values. This is in line with the elose fit of the data points to the straight lines seen on the logarithmic plots. Tt
may be noted that only the heavy construction equipment curves show a low value of the inclination or slope of
the second branch of the curve, For the other three types of target, the second branch has an increased slope
relative to the first branch. Clearly, a field of view that extends further downward would be expected to be
beneficial for these types of targets. 'The actual values of the constants will vary considerably with camera
inelination, field of view, type of targets and terrain, ete, The values in the table are provided only to illustrate
the fit of the Sum 1% D) data o logarithmic functions.

RECOGNITION OR ACQUISITION TIME

When the images of targets fiest appear on the display, the actual targets are quite some distance away. Due to
the forward motion of the aiveraft, distance to targets deevease with time, vesulting in larger and more clearly
resolved target images,  Detection and recognition become easier. Even if image size and vesolution were both
exvellent when targets fiest appeaved in the field of view, almost instant detection and recognition would not be
possible; people take time to seareh and to react. ‘The earlier discussion of the target acquisition slant range
data clearly indicated that acquisition takes an appreciable amount of time, Sinee not all targets fiest appeared
at the top of the display, slant range at acquisition and time on display do not coreelate perfectly. A look at
average target reaction time in seconds for individual obseevers is iluminating, The data are given in table 11
aud the means and standard deviations for the four target types ave plotted in figure 20,

Not surprisingly, the relatively huge heavy constenetion equipment was found and aequived tdesignated), on
the average, signifivantly 1801 quicker than were any of the other three types of targets: only 0,74 seconds
alter appearance on the display, Cars, the second largest target in the present stady, came second with a
“average time of 1089 secomds, This is significantly (P«.03) quicker than reaction to prople and o trucks, The
renction {designation) time to people, 128 seconds, was not signifivantly shorter than o trucks, 1409
sevomds, This is somewhat sueprising when the large difforence in size of traeks and people is noted. Note that
detection times for trueks were significantly longer than for caes thongh their average sizes differed but lintle,
Clearly, other fuetors than size ave exevting an influence,

Standard devintions, as display ed in the table and on the graph, were vather small, oven for iwueks where it was
abont twice as lavge as for the ather theee types of taegets, The small standaed deviations veflect the small
differences between observers in the time tahen to find the designate taegets,

PREDICTING AN OBSERVER'S SCORE ON ONE PERFORMANCE MEASURE FROM HIS SCORE
ON ANOTHER PERFORMANCE MEASURE,

Varvious tables in the presont veport give the seores of individual observers on T different mensures of
perfurmanee for vach of the 4 G pes of taegets, This allows corvolation conflicionts to be calpulated between




HONIE0d UBIdG JO nIpILIESY ] AR $UIERY panold patsAa(] SIeBie L Jo sFeIusIsg aanemuny ¢ a1 g

Axvohmoq = (ug 425 ammoa
00L06 08 0L 03 (8 0y st 0t

- 'y

ru
Y ——r

O
Q

.

-
-

e IXjusudinb3
gEy~ uOL3onujsuc) Lresy

R

7Y

P

(Q%) wns = Pa3oagag sjobuel Jo a6RIUVILIY dAFIUIUNY

LS ey bt

3+ (1)%607 v = (gz) uns




TABLEY

- CALCULATION OF CUMULATIVE PERCENTAGE
¢ OF TARGETS DETECTED, SUM (%D}

: Computational Formula: Sum (%D} = A LogjotX1 + B

L Target Type Range of X A B

Heavy Construction 10-60 o84 58,70
Equipment 63-100 20.04 +40.72
"Prucks 10-45 _ 20,15 -20.73
: S0-10 e 90,92
Cars 10-35 45,77 -42.38

o 40-10 8L.85 0491
People 10-55 KRN -34.33

00-100 98.20 ~150,-41

X == Puosition of Target on Display Scveon,
Sum %) = Cumulative Percentage of Targets Detected.
A, Bave Constants in the Eguation,

g




TABLE 10

OBTAINED AND CALCULATED* VALUES OF CUMULATIVE PERCENTAGE
OF TARGETS DETECTED

Heavy Const.
Screen Equipment Trucks Cars People

Position, X [Obtained|Formula Obtaineifgprmula Obtaineg4formu]a Obtained|Formula
5 8.27 0| ‘

1.79 0

10 18.80 3.33 1 510 | 3.39

15 29.32 | .24 4.51 10.46 | 11.45 3.37
20 42.86 .62 8.16 18.62 | 17.17 7.78

25 48.87 9.52 | 10.98 21.68 | 21.60 10.92
60.90 11.90 | 13.29 26.02 | 25.23 13.48

62.03 16,24 [ 15.23 25.59 | 28.29 15.65

66.17 16.67 | 17.53 35.20 | 36.22 17.53

67.67 18.09 | 18.42 40.56 | 40.41 10,18

71.43 27.62 | 25.67 || 47.19 | 44.15 20,67
74.06 4 30.00 | 28.66 || 48.98 | 47.54 22.01

78.20 32.38 | 31.39 51.27 | 50.63 24.20

78.20 33.33 | 33.89 52.30 | 53.48 27.62
78,57 35.24 | 36.22 55.61 | 56.11 30.78
79.23 | 79.42 || 36.67 | 38.38 } 58.16 | 58.9 33.72
80.08 | 80.00 § 40.48 | 40.4 61.48 | 60.86 36.47
85 80.08 | 80.54 § 42.86 | 42.3 62.24 | 63.01 39.06
90 81.58 | 81.06 | 43.33 } 44.10 || 65.31 | 65.04 41,50
95 82.33 | 81.54 | 47.14 | 45.79 | 66.84 | 66.97 43.80

100 82.33 | 82.00 42,05 | 47.40 67.35 | 68.79 45,99
e w1 mmean e vl vre v ww g s Bhms v s o s Al b o eapeeg B e v e » o she e e miec e 8 ke ae s o b e e s
Calculated Trom the formula sun 1) =R Loglo(x) + B




TABLE Ul

AVERAGE TARGET REACTION TIME IN SECONDS FOR INDIVIDUAL OBSERVERS

Mean Reaction Time in Seconds Summary Measures,
' sum of | Average| Mean per
OBSERVER People Trucks | Cars HOE || Means | Means* Target
A 10,4 12. 8 10,3 10.18 9,62
B - 14.7 6.0 9.8 . 8,70 8, 54
¢ 12.0 13. 14.3 47, 11. 98 I, 86
D 9.8 13. 10.6 39,8 8,95 9. 31
K 10.4 4. 1.2 42.6 | 10,65 10, 38
T 10.4 9.6 7.9 34,5 .6 8. 28
G 9.4 13.1 6.4 . 4.6 . L 80
13.8 25,2 14,0 O 62,0 15, 5¢ ih)
14.8 19.3 14.8 . 59,2 14,80 Y
H.3 8.8 10,6 ) 34,6 8,65 Y
13.1 1.7 7.7 N 38.8 9. 70 .03
15.8 1.6 8.4 RE 39,6 0,90 .08
16, 22,1 14,8 . 43.6 15,90 .03

S~

. e e e .
[~ A R A ]

12,0 16, 6 11,9 L 45,6 11, 40 10, 63
Sum 174.7 197. 3 152, 4 618, 8 154,71 144, 84
Mean+ 12,48 14, 09 10, 89 44, 20 11, 06 10,35
NN DR RART] Daal) el 10,35 2.0 A

* Average of Means = (Sum of Means)/4
** Moan/Target = (Total of Reaction Times/(Total Number of Detected Targets)s
(Number of Targets Per Target Type)(Mean for Target Type)/(Total Number
of Targets Detected by the Observer). Not exactly equal duc to vounding
of values.
+Mean = Column Total/14 = Average Obsevver Reaction Time.




OBSERVER RESPONSE OR REACTION TIME IN SECONDS
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scores. For example, there are 14 scores, 1 for each observer, on percentage of trucks detected (%)) and on the
average contrast of the targets that were detected. Thus, individual observer “A" detected 53.33% of the
trucks and the average contrast of the trucks that he detected was 51.00. Individual observer “A™ and the 13 -
other observers supply 14 data pairs for the computation of a correlation coefficient, r. Suppose that the r is
statistically significant (larger in absolute value than expected by chance alone one time in 20) and negative in
sign. This would indicate that the average coutrast of trucks detected by observers who detect a higher (or
lower) percentage of targets than does the average observer tends to be lower (or higher) than average.
Presumably, at least part of superior %1 performance in this case would be achieved by detecting more of the
low contrast targets. ' '

Table 12 gives correlation coefficients between scores on the 7 performance measures: percentage of targets

detected (% 1)), aceuracy. average target position on (distance down) the display when detected, average false

pusitive (F.P.) position on (distance down) the display at detection, average response time {detection times),

average size of targets detected., and average contrast of detected targets. The first statistically significant r in

the table, -.5310 for trucks, indicated by an asterisk, is the one corresponding to the hypothetical example
__above, Since the Table has 21 cells, each containing either 4 or § correlation coefficients, it is not feasible to
"~ discuss in detail each individual r. The correlation table shows that:

1. The percentage of targets detected (% D) by individual observers varies significantly with the average size of
turgets detected for three of the four target categories. For trucks only, %D also varies significantly with the
average contrast of deteeted targets and with reaction time,

IR 2, %1 does not appear to be related to aceuracy scores nor to the average distance down the display {position
at detection) of either targets or of objects mistaken for targets (F.P.'s).

3. Only for trucks is observer accuracy significantly related to: average contrast of detected targets, average
size of detected targets, and average display position of false positives at detection, Only for cars is accuracy
related to average display position of detected targets and to reaction time,

4, Average reaction time is significantly related to average position on (distance down) the display of targets
when detected. As expected, the correlations are all high and positive. For trucks, average reaction time is
significantly velated to the average size and congrast of detected targets.

. "3 Average target position on the display when detected appears to be unrelated to: {a) average contrast of
i detected targets (exeept for trucks), (h) average size of detected targets, te) average position of false positives
' “lexcept false positive people targets), (d) aceuracy texeept for car targets), and te) %l),

0. However, as expeeted, average target position is highly and significantly related to average reaction tor
detection] time,

T Average false positive position is, significantly and positively, related to the average conteast of detected
targets for truoks, heavy construction equipment, and to the means for trucks, cars and heavy constraction
; equipment,

8. 'The averge sise of detected targets is positively aud simnificantly related to %D for cars, HCE, and means
3 (all wegets combined), but is unrelated to: aceuracy (exeept for trueksh, reaction time texeept for trucks)
B average target position when detected, and to average false positive position when detected.

@ 0, ‘The average contrast of detected targets is, except for trucks, unrelated to; *3D, aceurvacy, reaction time,
target position when deteeted, and average size of detected targets lexeept for heavy construction equipment).
However, average contrast of detected targets is rolated to folse pasitive position at detection for teucks, heavy
coustriction equipment, and all targets combined. Note that, for trucks, average contrast of deteoted targets is




TABLE 12

CORRELATIONS BETWEEN OBSERVER SCORES
ON DIFFERENT MEASURES OF PERFORMANCE

T1Measure

Target

Target
Contrast

Target
Size

F. P,
Position

Target
Position

Reaction
Time

Accuracy

People
Trucks
Cars
HCE
Means+

-.5310%
. 4086
.0885

-.2000

-.3390
-.4050

. 544 0%
-, 9662%%
-.7226%*

.1076(11)
-, 0048(10)
-, 2147(10)

.0126(9)
-.5064(7)

. 2547
-.4208
-. 3147

.1800
-.1603

.1804
-, 5017*
-.3920

228
-.3130

. 3518
-.0939
L2392
-. 2629
-.0248

Accuracy

People
Trucks
Cars
HCE
Means+

- . 5041*

-.1780

-.2072
. 1588

-.3325
L5422

-.0614
L2817
L3234

-.0791(11)
.6093%(10)

-, 0851(10)

-.0127(9)
1371(7)

. 2651
.1903
.5626%
-. 1185
1791

. 2632
.1280
.4952%
-, 0265
1850

Reaction
Time

People
Trucks
Cars
HCE
Means+

L5288*

1 -,2822

.0027
L2046

. 2137

.5206*
-.4119
-. 0097

L1479

. 2650(11)
J1134(10)
,4985%(10)
.4799(9)
.5545(7)

LT618%*
913 0%x
LO39THR
955 9%*
CO814e*

Target
Position

People
Trucks
Cars
HCE
Means+

JATEI*
-.3229
- 3439

L2722

L0519
<3870
-.4202
-. 2747
.012]

.5434%(11)
. 2416(10)
.4960(10)
,4741(9)
.5814(7)

F. P,
Position

People
Trucks
Cars
HCH
Meoans+

.6086%(10)

-.0129(10)
. 5565%(9)

LS646%*(7)

L4744 (11)
-, 0143(10)
-, 3573(10)
-, 0239(9)
- 0191(7)

Target
Sizo

People
Trucks
Cars
HCE
Means+

L3718
4130
-, 4828%
. 0850

- — SO T A e R

», ¥8patistically significant, by a divectional or one-tailed test: one asteeisk at the 03 level two asterishs at the
A evels
+'Ihw neans ave the dota for all of the targets combined before correlutions are computed.

Note: Numbers in paventheses are degrees of freedom, whivh ave data pairs minus 2, When no parenthesis is
present, data pairs are 14 and degroes of froodom is 12,
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related to 5 of the 6 performance measures.

When the absolute sizes of the statistically significant correlations are examined, it is apparent that most of
them are not large: most of them are smaller than .7. Thus. even the majority of the significant ones are of
marginal or doubtful utility for predicting one performance measure {or score) from another. The exception is
the correlations of reaction time to targets with target position on the display when detected: these correlations
are high. They are not perfect since some targets did not enter the display at the top. However, here there is a
relationship largely due to measuring for most targets the same quantity in different ways so that prediction of
one from the other is only of academic interest.

For observer selection purposes, the most useful performance measures are %D, accuracy, and target position
on the display at detection. The latter is a simple mathematical transformation of target acquisition range, The
vorrelations between these three measures of scores clearly indicate that they are unrelated or independent.
‘This implies that observers were not uniformly excellent or inferior on the most important measures of mission
success, To the extent that the results are generalizable, it may be said that one can't select observers who are
excellent on multiple criteria or eliminate those who are not since there are no such individuals. On the other
hand. individual observers often differed greatly on specific scores so that selection or rejection for specific
performance is another matter.

PREDICTING THE AVERAGE OBSERVER'S SCORE ON ONE TYPE OF PERFORMANCE FROM
THE AVERAGE SCORE ON ANOTHER TYPE OF PERFORMANCE

A further look at the relationship between scores on different performance measures is obtained by using as
data pairs the averages tmeans) of target categories, rather than the scores of individual observers. Thus, since
.there are 4 types of targets, there are 4 acouracy means and 4 screen position means, yielding 4 data pairs to
correlate accuracy for types of targets with screen position for types of targets, Here it must be kept in mind
that with only 3 or 4 data pairs, the value of r must be quite high to attain statistical significance, Stated
differently, in such cases appreciable degrees of true relationship may not be shown to be significantly different

from zero: tests are rather insensitive with only a few data pairs.

Table 13 lists the correlations between performance measures when the means for target types are used as data
pairs, Looking down the %D column, note that %D is correlated significantly with position, reaction time,
and aceuracy, but not with size. In the accuracy column none of the v's are significant. Reaction time is
significantly correlated with %1, average size of target detected, and average position on the display when
detected. looking across the contrast row reveals that the average contrast of detected targets is not
significantly correlated with any of the other variables. Even the size — contrast v of 93 is not statistically

significant singe there are only 3 types of targets for which contrast data were available,

Even though different types of targets have different sizes and contrasts, it is elear from the above that there
are appreciable correlations between several of the performance measures, particularly between %), reaction
time, and position at detection, However, accuraey correlated significantly only with %D, and average
contrast of detected targets did not correlate significantly with any of the other performance measures.

PREDICTING AN OBSERVER'S SCORE ON ONE TYPE OF TARGET FROM HIS SCORE ON A
DIFFERENT TYPE OF TARGET.

1t has been shown that one cannot expeet to find individuals whe will be outstandingly efficient or inefficient
on a mission-related (but not mission=speeific) combination of several important performance measures, Can
one expeet to be able to make reliable observer seloctions for only one or two types of performance? This is o
question concerning the repeatability of performance, not just the magnitude of the differences in seores, The
present study hus not repeatedly tested the same observers, nor were they intensively trained. Thus the
question cannot be completely answered.
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However, it is answered in part by examining the scores of observers on different types of targets. For example,

is there any relationship between %) score on truck targets and heavy equipment targets? Do the rankings of

observers on a given measure of performance show little change from one target type to the next, or do they
7, i ?

change radically? The answere to these questions, as revealed by data analysis, would concern within-test
measures of consistency or reliability, rather than a day-to-day measure.

I'able 14 lists the correlations between the scores of individual observers on various performance measures for
different types of targets. This table also contains graphical information in the form of “'bars™ extendmg part
of the way across the cells in the matrix of correlations. The length of these bars is proportional to r-, so that a

quick glance of the table indicates to the reader the degree of predictability of a performance measure on one
target from the same type of score {e.g., %D, etcl on another type of target.

Note that the first starread entry in the table is an r of .648] between % scores for people targets and %D
scores for heavy construction equipment. This correlation is statistically significant, i.e., is larger than would
be expected one time in twenty by chance alone. However, it is not a high correlation so that individual
observers are not highly consistent on the two types of targets. Note that the length of the bar below the 6481 is
not very long, which indicates a not-very-high degree of predictability of one score from the other. The other 5
possible correlations between types of targets for %1 are low and do not reach statistical significance. Clearly,
observers were not maintaining their rankings on %D from one type of target to another.

Looking down the aceuraey column, it is apparent that accuracy across target types came out somewhat better
than did %D: 3 of the b different correlation coefficients achieved statistical significance. However, two of

them were below .5 and the third was only .75, For most types of targets, accuracy on one type was of either
~ little value or of no value in making predictions of accuracy on another types.

The correlation coefficients between average reaction time for people targets and reaction time for other types
of targets were all low and not statistically significant, However, scores on cars, trucks, and heavy construction
squipment were positively and significantly related to each other. This means that, except for scores on people,

. l‘ ¥

the rankings of observer scares did not change greatly in going from one type to another, i.e., there was some
consisteney in reaction time across target types,

Average position on the display at deteetion was interesting: all correlations were statistically significant for
both targets und false positives. For targets, 5 of the 6 exceeded .73, It is elear that observers who deteet targets
of one type high up on the display, corresponding to long detection or acquisition ranges, tend to do so for other

X e i

types of targets, Similarly, observers who tend not to detect targets of one type until they are relatively close to
the aircraft tend to do so for other types of targets.

The average size of target detected by an abserver was not consistent (reliable) across target types: 5 of the b
eorrelations were too low to attain statistical significance. The one significant r, that between trucks and heavy
construction equipment, was only .54, This is toe low to be of much value for predictive purposes.

The average contrast of the targets of any one type detected by an observer appeared to be no indication of the
average conteast of any other type of target: all £'s were too low to be statistically significant.

THE RELATIONSHIPS BETWEEN TARGET CHARACYERISTICS AND THE PERFORMANCE
OF OBSERVER®

Appendix 11 lists for each target the probability that it will be detected, the average time that it was on the
display before detection occurred, and the position at detection on the display sereen, measured down from the

top of the display. Table 15 lists the pmchwl monient vorrelation coeffivivnts for these data when measures for
~ individual targets are used as data pairs,
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lnspection of the table reveals that:

I. Detection probability significantly increases with increase in target size for heavy construetion equipnent
tHCE) and for all types of targets combined, but not for the other types of targets. The detectability-size
corvelation, even when significantly different from zero, is not large.

2. Detection probability varies significantly with conteast for trucks, for cars, and for HCE, the target types
for which contrast measures were available, However, for trucks detection probability increases with contrast
while it decreases with increased contrast for cars and HCE. These correlations are not high.

3. 'The average time on the display before detection oceurs is significantly less for larger targets in the case of
cars, of HCE, and of all targets combined.

4 Average time on display before detection was not significantly related to contrast for any target category,
Caorrelations did not even approach statistical significance.

2 Average position on the display {distance down) at detection was positively ahd significantly related to
tacget size for people but was negatively (and significantly) velated for HCE and for all target combined.

6. Average position was no related to image contrast for any type of target,

In summary, while contrast was related to detection probability, it was not velated to cither vapidity of
detection or to position on the display. Also, target size, while positively related to deteetion probability for
some types of tavgets, to rapidity of detection for some, and to position on the display at detection for some,
was not related for some,

A further examination of the infuence of target characteristivs upon observer detection behavior may be
pursued by using ax data pairs the means for all observers lnmped together for each type of target, This is done
in table 16, Note that larger types of targets and more contrasty tvpes of targets were detected sooner and at
shorter distanced down the display tat greater acquisition rangesh, and lavger types of targets were mom likehy
to be detected. Although the correlation coofficients were large and had the expected algebraie signs, only the
tendeney for shovter reaction times to farger types of targets achioved statistival significance, With the sall
nuther of target catogories, henee with only 1 or 2 degrees of freedom, only when theve is a very high
currelution between the variablos will the correlation coeffivients achieve statistival significance. Tuble 1o also
lists the corvelation coeffivients between the corvelated performance measiees of detection probability, seveen
position and veavtion time. Hove, all of the vcortalntions were statistivally signiticant. Ty pes of tavgets that weee
deteeted, on the average, at longer acquisition vanges thigher up on the display seveennd ov more quivkly (shoeter
reaction times) were also more likely to be dotected.

DISCUSSION

The present study wtilized monechrome, e, black-and-white images, so that there were no colors, However,
obsersers had to find and reeoiiize objeets with which they were, sveopt for heavy construetion Squipment,
quite tamiliae, Displayed fnages look very mueh like the objects, With some other snisors, sueh as infraved
nagers or high resolution radar, displayed images diftor canmiderably moe than do motion pivtires from the
whjiets as seon diveetly with the wnaided ove. Many stndies have shown that, even with extrnsive training,
detection and recognition systems with displayed images appear to have low detection probabilities aud
tuerons fulse positives,
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In discussion earlier in the present report, it was noted that the size and the resolution of the target images were
adequate for recognition of even human targets, Aireraft altitude and camera focal length were selected during
data collection to be sure that this was true, Also, at a simulated speed of only 60 knots, observers had
considerable time to search for targets. Under such conditions, one might expect very commendable observer
scores, The scores of the 14 observers on a wide variety of performance measures are summarized in table 17,
Other measures than those listed are possible, but those listed in the table are the ones of primary interest. Do
they indicate excellent performance on all measures?

Note, from *“{D})" in the table, that onl.y 46% of the people and 49% of the trucks were detected and
recognized by the average observer. From "(E)” in the table, it may be noted that only 50% of people
designations were correct and only 64% of truck designations were correct. On both percent detected and
accuracy, performance was noticeably better, but was not near perfect, for cars and trucks, From “(FI™ in the
table note, from the last column in the table, that the average position on the display screen of targets at the
time of detection was 45%, i.e., nearly half way down the display. 1t was slightly over half way for people and

trucks, but only 28% for heavy construction equipment.

From these abservations, it is apparent that despite what appears to be adequate imagery, a large fraction of
targets ave not deteeted, the detection or acquisition range of those that are found is large, and false positives
ave frequent. An almost identical conclusion may be drawn from examination of other studies on finding
targets of opportunity with more exotic sensors.

Thaose who plan and design target finding systems sontetimes “'sell” their systems on the grounds that the detail
resolution, dynamic range, signal-to-noise ratio, contrast, modulation transfer function (MTF), ete. of the
systems will insure excellent observer performance. Those who evaluate the effectiveness of systems for finding
unbriefed targets without regard to data on observer characteristics other than visual resolution and contrast
sensitivity, make the same errotieous assumption, 1t is elear that even narvow fields of view do not solve the
target-of-opportunity problem, and may even worsen the situation by being too narrow. Going to ever
narrower fields of view for ever better resolution of targets leads to equipment on which too many targets never
appear at all on the display.

It is clear that we do not yet have man-equipment systems, even with narvow fields of view, that deteet wmost
unbriefed targets, do it quickly, and make almost no mistakes, When observers must search a display, even a
slowe-moving one, exeellont imagery is no guarantee of near perfect performance, There is no doubt that futuee
systems will have better sensors and displays. 1t is also very probable that the actual performance of futuve
systems against targets will be superior to that of today's systems, From the preceding discussion it appears to
be unlikely that the improved image quality of such systems will, or even can, aceount for the bulk of the
improvement that will take place, [t may be hypothesized that the significant improvement in performanee will
come from such argas us operator trajning, ohserver aids, and techniques of use, 1t is clear that much vesearch
and development by human fuctors specialists will be necessary to attain improved systems,

o
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TABLE 17

SUMMARY OF OBSERVER SCORES

Number ogA%argeCS

t

(B)

'Correctly Designated

Performance Measure Statistic || 21 People

Mean
S.D.

Targets

15 TrucksJ,ZS Cars

19 HCE

fean of
{eans

18.86
3130

15.64
2.28

12.88
1.75

Number of False
Positive Responses

Mean
S.D.

5.21
4.25

4.52

5.54
3.81

C
Total Number of
Responses = A+B

(D)

Mean

17.35
5.05

12,86
5.59

24,07
5.38

19.35
5.69

18.41
4.65

Percentage of
Targets Detected

(E)

Mean
SQD'

45.92%
10.83

49.05%
11058

67.35%
11.79

82.33%
11.97

61.16%
8.31

Accuracy = %
Correct = 100A/(A+B)

(F)

Mean
S.D.

58.56%
17.46

ra o
— &~
HD
W W
T 1o

o

80.02%
13.70

84.11%
13.96

71.35%
12,49

Target Position
at Detection

~

Mean
S.D.

54.73%

12.21 15.36

54.68%

44.30%
11.9¢6

o
o o
~J Ln
- 3

45,29%
10.73

(8)
F.P, Position
at Detection

Mean
S.h.,

55.31%
‘17,52

67.74%
12,13

| 33.85%

50.51%

51.16%

15.24 12,00 11.91
Reaction Time = Mean 12,48 14.09 10.89 6.74 11.08
Detection Tiwme S.D. 2,38 5.20 2,78 2.10 2.57
(In seconds)

1
Size of(ngcecced Mean 2,87um 6+ 1 Snun 6.32mm &9.8mm* 10.37nmJ
Targets 5.0, 22 44 .38 3.98 1.69
(Screen Center)
J
Contrast of

Detected Tarpets

b

Mean
S.DI

52.84%
3.24

42.37%
2,28

67.M1%

53.65%

54.37%

1.60 1.63 1.44

) " 2,680" 2,660" | 2,930'| 3,400' | 2,930
Acquisition Mean 2,680 2,660 2,930 3,460 2,
Slant Range S0, 598

147

792

1,100




APPENDIX |
INSTRUCTIONS FOR SUBJECTS

You are about to participate in an experiment designed to study the relative efficiency of television systems and
standard optical systems for use in aerial reconnaissance. You will be shown four sections of film, viewing
terrain as seen from a plane flying at 340 feet altitude. You will search the display and detect targets — e.g.,
trucks, cars, people or heavy equipment. However, you will be asked to find only one type of target in each
section of the experiment, for instance, in section number one, you might search for only tracks; in section
uumber two, only people; ete. You will be told before each section what target type of detect in that section.

To indicate a target point at the target with your left hand, identify it aloud, and press the appropriate
teoarresponding) button with your right hand. The position of the button should correspond to the section in
which the target is found. The terrain is always moving, so work as quickly as possible.

Targets:

Truck — includes any kind of truck — e.g., a garbage truck, a panel truck, a van, a pickup truck, a
tractor-trailer rig, ote.

Car — any kind of automaobile — e.g., sedan, station-wagon, sports car, convertible, ete.
Heavy construction equipment — cranes, derricks, bulldozers, dredges, road graders.
People — any man, woman or child.

"y .

The targets may be wmoving or non-moving.

Any questions?




APPENDIX il
TABLE 18

IMAGE CHARACTER!ISTICS AND PERFORMANCE DATA FOR INDIVIDUAL TARGETS

Image Characteristics

Performance Measurements

39
16
217
23
24
14
30
45
52
11
40
60
47
78
33
67
16
61
45
45
97
83
72
72
50
63
52
36

Target | Size on+Screen
Number | (Milli: eters) +Contrast
Cars (28)

1 4,1
2 3.4
3 3.8
4 2.4
5 2.4
6 2,7
7 2,7
8 12,0
9 6.8
10 14,3
11 6.8
12 14,3
13 10,9
14 14.3
15 6.8
16 10,3
17 6.1
18 5.1
19 5.8
20 5.1
21 5.1
22 10,2
23 4.4
24 8.5
25 2.1
26 9,2
21 6.5
28 2.7

Number of
Detections

Mean Scrggn Mean RT

Probability Location (Seconds)

12

12
11

2
13
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.
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o —
L LW o & ~3
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+Size on the display sereen is the maximum dimension of the displayed image, which is the diameter of the

smallest eirele that can contain all of the target image.

larger.

*Reaction times (R'T) in seconds was obtained by use of a stopwatch, the projector,
frame {picture) on which target designation ocourred s given on the developed film from the data catuera. As
explatued fu the text, reaction time and the target position aren't always equivalent.

of the way down the 133mm soreen height when detected,

s*Mean screen location is the percontage

-

4 +Contrast = (Brightuess Diffecencel/B, where B is brightuess of background or of target whichever is

and the number of the

b




'APPENDIX i (Continued)

Target
Number

Physical Measure l]

Performance Measures

Max. Dimension H
on Screen {mm)

Number of

Detection
Detections _ Probability

Mean Screen
Location

Mean Reaction
Time (Sec, ).

People (21 Available Targets) :

63
64
65
66
67
68

69
70
T
72
73
74

76
(K

81
82
83

o
[ 4

o
»

[ 4~}
T | S R O - O . T o W -~ S o o

|

(/=3
. - e .

. - - - . .

t;r:wtawuws.:uwuwwu

.

—

o o

-3
<x

L7143
. 4286
. 4286
L8571
. 2857
. 9286
.5714
L1429
L1429
. 9286
L8571
L3571
. 9286
. 2857
0
L0714
L2143
L4286
L2857
. 2857

. 5000

76,0
77.5
78.3
64,2
43.8

[
@
[

-3 Lo

B =3 W
o e e
L L G ke

5t

-

-1 &t oo
-J""?'!c‘d

&
*
L o O

[y

.

' R )
©w - ®w S G
e 2 e

o
[ SEE~T R W s
» & 2 »

C S PO =N WW e S WD

[

NOTE: The images of prople were too small and poorly resolved to permit reliable
contrast moasuremonts, heneo contrast was not measured for people,

+ .
NA = Not Applicable: Thore was no meaningful screen travel when detected or mean
roaction time oither, because the targot was not detected: A value of 0 would be wrong,




APPENDIX Il (Continued)

Image Characteristics Performance Measurements
Target | Size onf Screen - Number of Detection Mean Scygen  Mean RT
Number | (Millimeters) {Contrast Eetections Probability Iocation (Seconds)
Trucks (15):
29 3.1 59 7 . 5000 82.9 13.8
30 8.2 52 3 <2143 33.3 6.4
31 6,2 48 2 . 1429 22,5 4,6
3 6,2 64 12 .8571 43.8 28,2
33 9.9 64 14 1.0000 44.6 17.0
34 5.8 68 13 . 9286 40.4 15,2
35 6.8 32 6 L4286 74.2 30.6
36 6.5 43 10 L7143 7.7 6.0
37 R 40 3 L2143 58.3 3.8
38 5.1 43 13 L9288 59.5 6.2
39 3.4 33 4 . 2857 10,0 5.9
10 5.5 44 K] L2143 88,3 24,8
41 4.1 45 6 L4286 50.8 6,2
42 6,2 65 4 . 2867 41,2 2.6
EX} 6.5 32 N . 2143 46,7 4,0

Heavy Construction Equipment (1Y)

44
45
46
47
4N
49
50
51

35,9
44,4
3,8
12,
50,2
40,0
100, 1
64,9
44,4
141, 8
6.2
44,4
8.5
13,7
6.5
93.3
3.8
4.4
54,7

84
84
71
81
0
64
46
N
90
75
94
o2
84
40
79
90
i1

11

13
13
]
12
1N

14
14
14

14

=3
U e -

-~3

1
14
12
14
14

=3

LH286
286
071
5T
9286
1, 0000
1.0000
1,0000
JTRE7
1.0000
LT
L OI86
LT
< H000
» 1143
1.0000
8571
1.0000
1, 0000

[ I

[ — A /]




APPENDIX i
INDIVIDUAL TARGET SUMMARY TABLE AND

TABLES OF THE AVERAGE SIZE AND CONTRAST OF DETECTED TARGETS

TABLE 19

SUMMARY OF APPENDIX 1l DATA FOR INDIVIDUAL TARGETS
\d

Type of Tarpet

Type of Data People Trucks

HCE

Nuwber, n 21 15
Number Presented, llm 294 210
Average Size at Display Center (mm.) 2.67 5.77
Average Contrast on Displav, ¥ NQ DATA 48.8

19
260

4207

69.5

Performance Measures

Total Number of Detections, D 135 103 264
Mean D = D/14 9.64 7.36 18. 64
Detection Probabilitv® = P 459 L4950 B4
Percent Detected = 100P 45,927 48,052 67.35%
Average Detected Contrast, X¥¥ NO DATA 52,47 42,46

219
15.64

823
82.33%
67.71

Reaction Time in Secouds
Mean 1 11.7 10.6
S.Dh, : 9.47 6, 70

7.13
2.36

Size of Detected Tarpets

{mm, at Center of Display)
h 09
1.93

49,0
30.6

Location When Detected =

% of Display Height
Mean
S")Q

Slant R:mgo+ when Detected

in Feet from the Aiveraft
Moan 2510 2750 3940
8.h. 814 1140 1350

L

3270
2020

R

*Deotection Probability = (Total Number of Detections)/{ Number Presented) = Lin/b, Note that, sinee the
unmber detected includes some targets several tines (as they were detected by several observers), the pereent

detected is not the percent detected at least onee,
**Average Detected Contrast = {ZiContrast of Every Deteaction)}/{Number of Detections

Some targets are counted, hore, as many a8 14 times, shus dotected contrast is weighted by aumber of
dotections,  Contrast is the couteast of the tacget image on the display, not of the getual taeget objeet with

the surrontuding real terrain.

+'The slant tanm\iscalvulak\l feom the average ponition on the display at the time of detection, The standand

doviation of slant range is caleulated from the standard deviation in sereen position when detected,

o2
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APPENDIX Il (Continued)
4 TABLE 20
AVERAGE S1ZE* IN MILLIMETERS OF IMAGES OF DETECTED TARGETS
People Trucks Cars 1 HCE Combined Means |[Combined Targets]
S n++ meanf n  mean} n  mean, n mean {(mean of means) N mean+
A 9 2.4 8§ 5.55| 13 6.78 17 46,98 15,51 47 20, 34
B 12 2,80 9 5.86 17 5.9 18 44,738 14,383 56 17,72 .
C 10 2,89 5 5.96} 18 5,92 16 49,22 16,00 50 19.17 :
D 7 2,99 5 e6,70| 21 6,37] 16 49,55 16,40 49 20,02 :
5 7T 2,85 3 6,41 15 6,04 12 57.69 19,17 42 20,29
& F 10 2,48 9 6.,42] 21 6,60 15 47.50 15,76 586 17.00
: G 12 3,00 10 5,92 26 6.7 17 46,50 156,583 65 16,31
H 8 3.0 5 6,70] 1T 5,85 16 49,2 16, 22 46 20,55
I 12 2,81 8 5,941 21 6,36 17 46,55 15,42 58 17.35
J 7  3.33 8 8,36 17 5,71 16 46,69 15,27 48 18, 496
K 14 2,80 7 6.,14] 21 6,86 18 44,73 15,13 60 17.13
L 7 2,88 7 6.54] 19 6,83 10 66,19 20,61 43 19, 95
M 10 3,09 5 6,701 16 6,44 14 55,19 17,86 456 2.8
N 10 2,76 9 5,8 21 6,26 17 46,86 15,43 87 17.69 ) 4
«. Sum || 135 40,20 [ 103 86,05 | 264 88,53 219 697,60 229,14 721 263.37
E n 14 Ml 4 14 M| 14 14 14 14
moanf9.64 2,871 736 6,15 {18,64 6,32]15,64 49,83 16,37 51,50 18,81
: S.D, .22 A J38 5,98 1,69 1.56
: * Maximum dimension of target image moasured at the centor of the display sereen, not at the
1 cseveen loeation at which detection occurred. %
{3 ** R=[ybjeet or cbserver,

+ (Sum of target sizes)/(total number of targots detected) .
++ = number of detections,




APPENDIX il (Continued)

TABLE 21

AVERAGE CONTRAST OF DETECTED TARGETS

TYPE OF TARGET

OBSERVER Cars HCE Tgt. Sum/n* | Means Sum/3"

43,38 | 67.47 55,76 53.95
45,12 68 11 55,18 53.85
43.174 69,69 55,562 56,14
44,86 69,94 54,63 57.07
39.00 64.83 51.25 52,53
44,33 65.40 52.16 53. 47
45,12 67.94 .25
39.18 69,69 .09
41,25 66,00 A7
39,65 68, 38 18
42.33 68.11
39.42 68,90
M 42,69 69. 14
N R 43,05 67,18
Sum 739,79 593,12 950,78
Mean 52,84 42,37 67.9
8, D, | 3.24 2,28 1,60
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* n = total number of all types of targets deteeted
+ the means sum/3 is the average or mean of the means
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APPENDIX IV

FIELD OF VIEW OF THE CAMERA AND GROUND AND SLANT RANGE
COMPUTATIONS '

The motion picture camera that took the pictures for the present study had a nominal focal length of six inches.
The actual focal length could have been off from the nominal value by as much as 5%. In the computations
that follow, the six inch focal length will be converted to 152.4 mm, even though this many digits implies an
accuracy of focal length measurement that was not obtained, Similarly, various calculations will be carried out
to several digits, and can be rounded off later. - L ' : '

" The first calculation to make is that of the horizontal and vertical field of view of the mation picture camera. .

The geometry is shown in figure 22.

22.2 m.m, 22.2 m.m.

16.1 m.m,

16.1 8.05 m.m.

Figure 22. Field of View of the Motion Picture Camera

Horizontal Field of View:  Vertical Field of View:
Tan (0/2) = 11.1/152.4 - - Tan (¢/2) = 8.05/152.4

0 =2arc Tan 07283 - ¢ = 2-arc Tan .05282
0=8305=8"2" . ¢=6.047 = 6° 2.8'

Figure 22. Field of Vicw of the Motion Piture Camera
. HorismalFieldofViews . Vertical Field of Viow:
Tan 9/2) = 1L1/152.4 L Tuny/2=8.050152

0 = Jare Tan 07283 : : C¢=2are Tan 05282
8= 83315 == g0 N0 . o A=0087 =008

R e s SR SR TR IR TSI PO Yol ot TG R gk
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The geometey of the ground and slant vanges is illastrated by figure 23 below.

Aircratt
Horizontal

(““\;‘/;‘.
U , . .
VUaso' Slens Axis Inclination

:

From Horizontal = o = 7°

O R

‘l) -‘|\~-\.'\,".)
\

79 hH8. 0!

b= .
e .
Y Lt e
\‘ \
S 1.4
190

T TR PO

Lhisplay Conter

»

¢

Fignee 28, Gronl and Slant Ranges in oot

“Nant Ranges: o -
0 B Cos et 00 30 Cosddio® 1Y 4R (et
AN b G 900 30 Con 32 - 2 TR feet
O b Cos 0wy 20 - M Con G S567) - 1950 et

Gronnd Ranges:
AD - W Cantoto b 30 10 Fan @ L B9 fes
AU h Lm0 Tan 18338 250
A b a0 M0 Pan 0 kel L9 e
e AC AN - 2000 00 - dodea
G D AC R0 el e 2N et




APPENDIX V

TABLE 24

TARGET AVAILABILITY BY TENTHS OF DISPLAY HEIGHT

Vertical Tenths* of Number of Turgets
the Display Sereen Available this often

10
9
8

Sum i)

~*Tenths without regard to whivh vertical tenth, .0, without regard to the order of the tenths on the
display. “Targets ave eredited with every vertieal tenth upon which they appeared, even briefly. Not all
targets appearsd Fiest at the top of the display: Some came on from the side, sometimes part way
down the seveen, and exited ot the bottom or side, Vohicles in rapid motion, even if they entered into
the top of the display, seimetinus exited at the side,

07

SU.S.Qoveriumant Brinting Ottice: 1979 - 682.002/160
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